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Tuesday, February 28, 2012 501aBiological membranes remodel and change shape in processes like endocytosis,
exocytosis, hemifusion, and the expansion of fusion pores. Since the length
scale of these processes is generally quite small, computational models are
needed to resolve the time course of the membrane. Over the past few decades,
physicists and mathematicians have developed variational methods for study-
ing time dependent changes in materials like lipid membranes. Building on
a model of a single lipidic pore in a vesicle membrane, we direct the variational
approach to the study of fusion pores. A fusion pore is a toroidal structure
which connects two planar bilayers. The variational approach calculates the
time dependent shape of the fusion pore–the precise shape of the pore that min-
imizes the membrane energy can be calculated using the variational method.
The shape of the fusion pore is a solution to the equations of motion which in-
clude the surface forces induced by the classical Helfrich energy of the mem-
brane. The energetics involved in the fusion pore expansion are determined as
a function of the lipid composition and initial conditions. The model is based on
a diffusive interface and director field approach which determines the position
and energy of the membrane. The diffusive interface specifies the material
properties of lipid and water, accounts for the lipid movements, and is the basis
for deriving the equations of motion.
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While the importance of membrane fusion is long established, the mechanism
of membrane fusion is not yet fully understood. Proteins mediate biomembrane
fusion, but membrane lipid composition also has a significant role. In order to
understand the role of lipid composition in membrane fusion we have studied
fusion between fusogenic (PC/PE/SM/CH) and non-fusogenic (DOPC) model
membranes. We followed recorded the time courses of lipid mixing, content
mixing and content leakage using fluorescence-based assays and then fitted
these data to either a two-intermediate or one-intermediate kinetic model.
We also examined the effect of negatively charged phosphatidylserine (PS)
added to the fusogenic vesicles involved in asymmetric fusion. Our results
showed that symmetric fusion between fusogenic membranes is faster and
more complete than asymmetric fusion. However, the presence of PS in the fu-
sogenic membrane led to asymmetric fusion being faster than symmetric fusion
between PS-containing fusogenic membranes.
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The traditional view of endocytosis has focused on the biochemical machinery
involved in the process. Here, we focus on the role of mesoscale properties of
the plasma membrane in determining the dynamic and equilibrium configura-
tions of the endocytic site. One important lipid-level property is the ability of
a lipid to tilt away from the normal to the plane of the membrane. We hypoth-
esize that the lipid tilt degree of freedom is critical for lowering the energy bar-
rier for membrane tubulation and vesicle scission. To test our hypothesis, we
have developed a continuum model of lipid tilt, where the membrane energy
depends on curvature, tilt and tilt gradient. Our model is novel in that it sub-
sumes previously used theoretical models of membranes of the Helfrich-type
models, which emerge as special cases of our model. Using our model, we
are able to show that introduction of tilt and spontaneous curvature can lead
to asymmetric shapes even in a 1-D formulation. Thus, tilt and tilt gradient
are important for symmetry breaking. Our research in now focused on under-
standing the role of tilt in generating neck constriction at the interface of two
different lipid phases and vesicle scission and carrying out simulations in
3-D. We believe that the asymmetry introduced by tilt and tilt gradient are im-
portant means to lowering the energy barrier to a membrane fusion or fission
pathway. The results from our model will provide insights into the role of me-
soscale properties of lipids in governing the macroscale properties of mem-
brane shape and topology.
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The acidic interior of endosomes is the trigger for fusion of viruses within this
organelle. Whether conditions of endosomal interiors, in addition to low pH,
regulate the extent of fusion has not been well explored. The redox potential(RP) within an endosome is regulated by NADPH oxidase and the RP varies
according to endosome type. We have investigated whether RP can affect fu-
sion by fusing cells expressing a viral fusion protein to target cells, varying
the RP of the external solution. The RP was varied, and clamped, from 150
mV to 0 mV by altering the ratio of Cys/Cyss; cytochrome c was used to estab-
lish positive RPs in the external solution. For the class II and class III fusion
proteins tested, the more reducing (negative RP) the solution, the greater was
the extent of fusion. That is, the extent of fusion varied greatly with RP. The
pH-dependence of fusion was, however, independent of RP. For the tested class
I fusion proteins, including influenza HA which utilizes the low pH within en-
dosomes, fusion was independent of external redox potentials. To identify the
stage(s) of fusion at which redox potentials are consequential, we created
a hemifusion intermediate, varying the RP upstream and downstream of the in-
termediate. The creation of hemifusion was strongly dependent on the RP; the
transition from hemifusion to full fusion was less dependent on the RP. There-
fore, RPs have strong control on early steps in the fusion process, but only weak
control of late steps.
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Previously we have shown that cell-cell fusion mediated by Class II and Class
III proteins is voltage-dependent, whereas fusion of cells expressing Class I fu-
sion protein is not affected by voltage. Moreover, by testing chimeras consist-
ing of the ectodomain of a Class I protein and the transmembrane domain
(TMD) of a Class III protein, we found that TMD was the candidate for the
voltage sensor in fusion mediated by Class II and Class III viral proteins.
We hypothesized that, since flip-flop of acidic lipids inherently potential-
dependent, incorporation of these lipids into a target membrane should facili-
tate the fusion at trans-positive membrane potential through affecting the TMD.
To test this hypothesis we incorporated a fluorescent acidic lipid (NBD-PG)
into target cells membrane and allowed fusion with VSV-G effector cells main-
tained at negative (40mV) or positive potential (þ40mV) created by the ion-
ophore, SQI-Pr.
We determined that when NPD-PG was present in the target (or effector) cell
membranes, the extent of fusion was the same at negative and positive poten-
tials, whereas fusion with untreated cells was inhibited in the presence of
ionophore.
Our result show that accumulation of acidic lipids in membranes during fusion
directly affects to potential-dependence of fusion.
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Gene therapy is a promising new approach for medicine, and able to target
a wide variety of diseases. [1]. Cationic liposome (CL)-DNA complexes
(also known as lipoplexes) are desirable non-viral gene vectors because of
low immunogenicity, ease of scale-up procedures, etc.. To be viable for
in vivo applications, CL-DNA complexes need to be stable in circulation, which
can be achieved by addition of poly-(ethylene glycol) (PEG)-lipids. Unfortu-
nately, PEG-lipids interfere with complex-cell membrane interactions that
are vital for particle attachment and uptake and can inhibit membrane fusion
required for endosomal escape. The benefit of increased stability from PEG-
lipids, thus, comes at the cost of a reduction in transfection efficiency (TE).
To recover the resulting loss in TE, we have designed and synthesized a hydro-
lysable acid-labile PEG-lipid (HPEG-lipid, PEG MW 2000) which is stable at
physiological pH, but is cleaved at low pH. The natural acidification process of
endosomes will liberate the PEG from the lipoplexes. We have studied the col-
loidal stability and transfection efficiency of these HPEG-lipoplexes in mam-
malian cell cultures. The acid sensitivity and the colloidal stability were
characterized by TLC and dynamic light scattering, respectively. The HPEG-
lipid is stable at neutral pH for more than 24 h, but degrades completely within
1 h at pH 4, leading to particle aggregation. HPEG-lipoplexes show lower
502a Tuesday, February 28, 2012toxicity and enhanced TE in comparison to lipoplexes stabilized with pH-stable
PEG-lipids. Live-cell images show that both pH-sensitive and pH-stable PEG-
lipoplexes were internalized to quantitatively similar particle distributions
within the first 2 h of incubation. Thus, the increased TE of the HPEG-
lipoplexes can be attributed to efficient endosomal escape, enabled by the novel
HPEG-lipid. Funded by NIH-GM-59288 and NSF-DMR-1101900.
[1] Ewert, K. K. et al, Topics Curr. Chem. 2010, 296, 191-226
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Synaptotagmin 1 (Syt1) is thought to be the main Ca2þ switch for the pre-
synaptic vesicle fusion. Although in vitro fusion assays importantly contrib-
uted to understanding the molecular mechanism of Syt1, the results was
largely restricted to truncated Syt1 that retained only soluble C2AB domains.
Using the single-vesicle fluorescence assay, we have recently shown the
strong fusogenic activity of membrane-anchored Syt1 at physiological
Ca2þ levels (Science 328, 760 (2010)). Moreover, Syt1 shows a biphasic ac-
tivity that Syt1 activity is observed to diminish at extraordinarily high Ca2þ
concentrations. By developing ability to detect content mixing in single ves-
icle fusion events, we here show that such dynamic Ca2þ -dependent Syt1
activity is also observed at the content mixing level. In addition, we report
point mutations in the linker, which was previously thought as a dull un-
structured region, critically modulates the Syt1 activity. Therefore, Syt1
seems to become a far versatile fusion regulator when it in a form of mem-
brane protein.
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Binding to a cognate receptor renders the Avian Sarcoma and Leukosis Virus
(ASLV) Env glycoprotein competent for undergoing low pH-dependent re-
folding which lead to fusion with acidic endosomes. Here we took advantage
of the ASLV’s ability to enter endosomes and maintain infectivity in the
presence the NH4Cl, which raises the endosomal pH. This feature allowed
capturing receptor-primed viruses in neutral compartments in the presence
of NH4Cl and synchronous triggering of fusion by removing the weak base.
Such ‘‘on-demand’’ fusion offered several advantages, including the quick
and uniform reduction of endosomal pH in all intracellular compartments
and precise duration of low pH exposure. The capture/release protocol re-
sulted in a very fast release of a small viral content marker into the cytosol,
as visualized by real-time single particle imaging. Moreover, this protocol fa-
vored the viral nucleocapsid release which was visualized as spatial separation
of the GFP-labeled core from a virus-harboring endosome. Mean square dis-
placement analysis of the core trajectories in the cytosol revealed that these
sub-viral particles became much more motile compared to endosomes from
which they were released. Importantly, we detected statistically significant
differences between the diffusion coefficients of cores released from endo-
somes in host cells expressing two distinct receptor isoforms. In addition to
the difference in motility of sub-viral particles, we also found that the rate
of fusion pore dilation (a lag between the loss of a small content marker
and release of the viral core) was faster in cell expressing the full-length re-
ceptor. Collectively, our data imply that, all things being equal, early endo-
somes are more conducive to ASLV fusion compared to late endosomes.
This work has been supported by the NIH AI053668 grant.<!–Copyright
(c) 2006 Microsoft Corporation. All rights reserved.
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In classical patch clamping, the whole cell configuration the cytoplasmatic
membrane under the pipette tip is disrupted by suction, by electroporation(‘‘zapping‘‘) or by pore-formers. We here report that access can also be
obtained by electroporating a synthetic lipid bilayer in close proximity to the
cell membrane. On a microelectrode cavity array bilayers were formed by
painting and dissociated rat basophilic leukemia cells (RBL-1 or RBL-2H3)
were seeded thereon at high density. Bilayers were then electroporated using
voltage pulses. While in the majority of cases cav-
ity resistance decreased to 1-5 MOhm, in 21 of 88
cavities tested it remained elevated between 0.5
and 2 GOhm. In these cases, where microscopic
images invariably showed an RBL cell centered
on the cavity, the characteristic inwardly rectify-
ing current responses of RBL cells to a series of
voltage pulses from a holding potential of 0 mV
(symmetrical [K]=135 mM) was observed. As ex-
pected for a Kir-channel, the inward current was
abolished by application of BaCl2 (0.8 mM) (B).
Our working hypothesis is that electroporation of
a close-by bilayer may lead to fusion with the
cell membrane.2560-Pos Board B330
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In order to investigate the role of lipid membranes on the clearance of apoptotic
cells by alveolar macrophages (AM), we use lipid vesicles containing phospha-
tidylserine (PS), phosphatidylcholine (PC) and ceramide (Cer) lipids. We find
that model vesicle engulfment is in proportion to the PS content of the vesicle
and that this engulfment is inhibited by the presence of Cer in either model ves-
icles or within macrophages themselves. Furthermore, we investigate how
changes in physical properties of model lipid vesicles and inhibition of phos-
phatidylserine receptors in AM affect engulfment. Engulfment experiments
are performed using rat alveolar macrophages obtained via bronchoalveolar la-
vage. AM were treated with various ceramide species and engulfment was
quantified by flow cytometry. The physical properties of model vesicles, in-
cluding molecular organization and electrostatic interactions were measured
by small-angle X-ray scattering and solid state 2H NMR. These studies can
help understand the physical mechanisms involving lipid interactions responsi-
ble for apoptotic cell clearance.
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Among the multitudes of chemical structures in the cell, the membrane is the
most difficult to synthesize. Microfluidic technology uniquely allows us to con-
trol the synthesis of cell membranes in a layer-by-layer fashion, and further-
more allows us control over the cargo of resultant vesicles. Vesicles were
formed first by dispersing aqueous droplets into a phospholipid-containing
oil phase, trapping the droplets in microfabricated cups, and finally flushing
aqueous solution over the trapped droplets. In-plane valves were developed
for computer control over the complex fluidic programming and capture cup
geometry was optimized for droplet capture and complete phase exchange
around trapped droplets. Membrane lamellarity was confirmed with a-hemoly-
sin (aHL), an integral membrane protein that inserts into and selectively perme-
abilizes bilayers. The membranes were successfully permeabilized using
purified aHL, as observed in confocal imaging microscopy. To demonstrate
compartmentalized metabolism, the gene encoding aHL was expressed by an
in-vitro transcription translation (IVTT) system within synthetic membranes.
Activity was observed as before. After insertion of the gene and IVTT, only
small-molecule cargo (fluorescein) dissipated from the interior of the vesicle,
whereas large macromolecular cargo was retained. The lack of leakage of large
cargo demonstrates both the internal metabolism as well as the presence of
a only a single bilayer membrane. The computer-controlled membrane proto-
typing platform is now being used to reconstitute integral membrane protein
signaling complexes (e.g. receptor kinases) and confirm their in vitro pharma-
cological behavior.
